Supplementary figures
. Sequence alignment for helices B-G for the cyanobacterial anion pumps and selected microbial rhodopsins. BR numbering is shown on top, MastR numbering shown in red. Asterisks show the mutation sites used in this work. Residues conserved in BR are shown in yellow on black, polar residues potentially involved in coordination of chloride in any group of chloride pumps are highlighted in grey. Abbreviations: BR -Halobacterium salinarum bacteriorhodopsin, sHR -Halobacterium salinarum halorhodopsin, pHR -Natronobacterium pharaonis halorhodopsin, NTQ FR -Fulvimarina pelagi NTQ rhodopsin, MastR , average of 6000 individual spectra. The black spectrum with the largest amplitude corresponds to 29 ms after the photoexcitation, and the other spectra represent relaxation of that state recorded every ~74 ms. 
Supplementary methods

Ion transport assays
Ion transport assays for MastR in the whole E. coli cells were performed according to the published protocol.
1 The cells from 1 L culture grown as described in the main text were collected at 4680 ×g and 4 °C for 10 min. Half of the cells were washed three times with unbuffered solution (50 mM NaCl, 10 mM MgSO 4 ·7H 2 O, 100 μM CaCl 2 ), and then re-suspended for ion transport measurements. The other half were washed and resuspended similarly with chloride-free unbuffered solution (50 mM Na 2 SO 4 , 10 mM MgSO 4 ·7H 2 O, 100 μM CaCl 2 ). A glass electrode (Accumet Microprobe Extra Long Calomel Combo Electrode) was used to monitor pH changes of the cells suspended in unbuffered solution with gentle stirring. A digital oscilloscope (Agilent Technologies DSO 1052B Digital Storage Oscilloscope) was used for recording the pH. The sample was illuminated (Cole Parmer 9741-50 illuminator) with yellow light (570-590 nm) using a glass filter.
Structure modeling
A homology model of MastR was derived using Modeller 19.9 2,3 and the crystal structure of halorhodopsin PDB ID:1E12. 4 During homology modeling, the retinal molecule and the chloride ion bound to the active site of HR were treated as ligand molecules and modeled into MastR. A total of 20 homology models were generated, and the structure with the lowest DOPE score (Discrete Optimized Protein Energy) 5 was used for further optimization using the CHARMM software, 6 as follows. Coordinates for hydrogen atoms were generated using CHARMM with the all-atom c36 parameters for protein groups 7, 8 and the retinal force field parameters described earlier. [9] [10] [11] Inspection of the homology model of MastR indicated that the C 15 =N bond twist was ~64°, as compared to -160.3° in the template structure of HR; this discrepancy could be due to limitations of the homology modeling software in describing the geometry and interactions of the retinal polyene chain. To circumvent this issue, we subjected the homology model of MastR to constrained geometry optimizations with CHARMM whereby we first drove the C 14 -C 15 =N-Cε dihedral angle to ~174°, and then performed a new geometry optimization with the dihedral angle constraint switched off. During both CHARMM geometry optimizations, backbone heavy atoms were fixed to their starting coordinates; nonbonded interactions were smoothly switched off using an atom-based switch function between 10Å and 12Å. In the resulting geometry-optimized structure of MastR, retinal is all-trans with C 13 =C 14 and C 15 =N bond twists of ~19° and ~2°, respectively.
A caveat of the current structure analysis of MastR is that according to tests using the Phyre2 server 12 the sequence identity between the MastR sequence and the sHR structure used as a template 4 is somewhat low, ~27%. As observed when modelling channelrhodopsins using bacteriorhodopsin as a template, 13 the relatively low level of sequence identity means that details of the MastR structural model might be inaccurate. In spite of this caveat, the geometry-optimized homology model used here suffices to derive clues about potential intraand inter-helical interactions of protein groups known to be important for function.
